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""" 7 LEAPFROG is 1 of 3 Theme-3 2020 Awards

THEME 3 AWARDS = PILOT ARTEMIS STUDENT CHALLENGES

- Lunar/Martian Lander skills competition using existing technology to
execute the competition in Earth’s gravity and atmosphere CALI FO RN IA

- Develops Artemis-relevant systems engineering and integration skills,
and requires innovations to perform well against the other teams

CALIFORNIA

- Requires the development and evolution of critical thinking and hands-
; g SPACE GRANT
on skill sets to enable humankind’s next great steps off of Earth CONSORTIUM
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" Artemis LEAPFROG Project Goals

« Update existing USC LEAPFROG lander prototype ‘sggma

National Aeronautics and
Space Administration

oy & '
« Develop competitions around the Lunar Lander '%E;N%?,%z%’f%?
2 R )
prototype 7% "%

« Run Competitions in Summer of 2021!

LEAPFROG Operations Center: POSSEPIE c?mll::l?tl-i:i;i’:e * Fuel Useage .

Up B SD0mater menge Metrics: * 5tfb“"fY and Hold : ml:::;zoﬁ‘:lz::::’g:;lenges

_‘ | I l * Navigation Precision , Etc

Wireless signal booster

LEAPFROG Sets up PostFlight
Assessment and Scoring

RC Field supports
Audience Member
Viewing Stands for

BSied public involvement

Run a national competition in 2021!
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Timeline e @/
Activities Start Date End Date

Announce S/W Competition 3/4/21 3/5/21
Run Signups for all potential Teams 3/5/21 4/15/21
Run PX4 and Simulation Webinars 3/28/21 5/12/21
Finalize Teams and Notify 4/15/21 4/22/21

Seminar #1 S/W Tools 4/7/2021

Seminar #2| Running the Sim 4/30/2021

Competition

Seminar #3 Metrics 5/12/2021
Run Software Challenge (4 Weeks) 5/15/21 6/15/21
Finalize and Contact Winners 6/16/21 6/30/21
Ship out LEAPFROG Vehicle Kits 7/1/21 7/15/21
Run Vehicle Building Bootcamps
& Run Exhibition Flights 7/28/21 8/11/21
Submit Final Report to NASA 8/5/21

8/31/21,.

dy
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Seace cranT *ég Software Competition Challenge and i
Exhibition Flights
~ March to June 2021 ~ June to August 2021

Virtual Software Challenge Kit Boot Camp and Flight Exhibition
Crater Landing Obstacle Avoidance

@

Goal: Locate & €, Goal: Identify & Goal: Enable teams from S/W
land in center of 3 maneuver past challenge to build full kit
designated L potential hazards (without Engine), and run
crater Exhibition Flights with Winning
S/W
e Virtual S/W Challenge run remotely e Teams from S/W Challenge (first 6 at
e Skills enable transfer between minimum) will receive full hardware
Simulation and Flight “Kit”
* Waypoint navigation, control * Boot Camp will be run during summer
methodology, obstacle avoidance to help all teams “Build” their Lunar
 Two Challenges earn Points, highest Lander Vehicle
point earner wins e Exhibition Flights will be run in CA for
* Top 6 teams will advanced to the Top three Teams in the S/W
Hardware Kit Build and Top 3 for challenge

Flight Exhibition

7
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What is LEAPFROG? e

LEAPFROG (Lunar Entry and Approach Platform For Research On Ground) was
started as a multi-semester design-to-flight student hands-on training activity
through Astronautical Engineering and Information Sciences Institute at the

University of Southern California in 2006.

LEAPFROG

Space Engineering Research Center
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%&é’;ﬁﬂ:ﬂ'ﬁ:‘; LEAPFROG taught Lander Systems —
Engineering through Hands-On Flight Test

LEAPFROG
Generational
Vehicles designed to
fly multiple times in
single day
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been modified for Safety and Ease of Ops

Gen-2 LEAPFROG System Features:
e Gimbaled JetCat P300 Jet Engine for
translation
e Cold gas ACS w/4 independent paintball
bottles, fillable anywhere
e Carbon fiber chassis built with mechanical
fuses and spring joints for hard landing
and failsafe landing structure
e “Roll cage” on top and bottom
* Designed to land on Slopes
* Onboard GNC Avionics w/ GPS fence
e Two low Cost foam core fiberglass
platforms, lightweight and strong,
replaced easily, more surface area for
mounting
* 4 separate small Kerosene tanks
incorporated onto centerpoint, minimizes

slosh, spreads CG
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Flight Vehicle Test Platforms in use to —

Space Administration

e
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validate safe operations

; \ iR ; '\'...\.:""
Air Bearing Platform for ; S
ACS Testing = TVC Test Platform for

Gimbal Testing

Full Scale

Static Test Stand for Integration,

and Hold-Down Engine Testing /ﬁ‘/'_lf\\
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CAL'F"R"“‘ix Software Competition exercises Lunar Lander -
based Guidance, Navigation and Control

« LEAPFROG Gimbal control is tied into a COTS Flight controller,
PixHawk

e Open source software PX4 on low cost controller, able to be used by all

University teams across country
 The “code” challenge will test programming in control methods for relative

positioning, altitude control, waypoint navigation, with sensor limits on
velocity and angle

ACS Acceleration Position
/ ODRIOD \ :!
Position Estimation Algorithm Graph
’7 A\ — (diagrams from paper on IMU sensor)
= GNC
Pixhawk Cube \
PX4

L
Al

Image provided by PX4 documentation ? ﬁ E ?ﬁ
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Software Challenge uses PixHawk === | @

Simulation Software

e Basic simulation with plant model of LEAPFROG components created

e Generic Earth centric physics model applied, uses Gazebo for visualization

* PixHawk controller algorithms integrated with open source tools into simulation
e Scenario provided to mimic dimensions and geography of competition RC Field

kO -~ (MOBESG 2R RIROE

- The bridge between the Software and Flight
Challenge is the PIXHAWK CONTROLLER
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°A“F°R"'“&) Initial Flight Challenge Scenario:

Presented in Seminar #2

 Flights proposed at RC Fields around US
« One LEAPFROG Vehicle per Field, Each Team flies multiple times
« “Craters” are markings on Field, “obstacles” are pre-programmed

into flight controller

* Flight Competition
Metrics under
development:

Flight Time
Stability of Flight
Navigation and
Landing Precision
Fuel Usage

TBD

Payload Delivery is considered an Option at this
point
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Initial Plan for Teams to share Simulation et
and Flight Code
(Presented in Seminar #2 and #3)

X,
Eiiﬁ.TrLc‘:lr? rt1i1?ennt ] Qx
J <

Challenge 1

Test Environment

e

Code Merge

v

Simulation
Environment
Challenge 2

Code Merge

¥

Hardware ]
Challenge J

[ FPublish on Web } { Generate Score }—

Teams Reqgister on
Github

Github Classroom

Submg Code




CALIFORNIA Al
SPACE GRANT | {7
CONSORTIUM Q

Where to get more Information? ===

o]

 “LEAPFROG.ISI.EDU”

v 2| 5=e>EesBBO®E*>@E

LEAPFROG LANDER COMPETITION

Hosted by the University of California San Diego,
the University of Southern California,
and the University of California Berkeley

’ &\ / California Space Grant
—_—

e Competition Information will be provided
e Vehicle build updates

e Link to the Registration

e Links to NASA Artemis STEM Project Information
* Information about the LEAPFROG Team members ?;Tévt%
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/ Registration Page is LIVE! ez | @Y

e Dedicated Survey Link located on leapfrog.isi.edu web page
» https://berkeley.qualtrics.com/jfe/form/SV_4U5s1KqkfUt4862

e Qualtrics will be used to upload competition teams software and applications,
scoring and team progress

o[ o[ 2[RIF|E |- R[FIE] &)= G| E BE[F R v 5= e2s22[E2[22 6N |G =(3/W : =/SW2|x <45k REERFEE CEEEGEDESE  + o g X
C @ berkeley.qualtrics.com/jfe/form/SV_4U5s1KqkfUt4862 w B O » Q
30 Apps (@ SERC Wiki - USC/ISI. (i_-) Login - USC Viterbi... USC Travel and Exp... n Travel & Expense |... @ Signin — IAF Sub... @ USC E-mail Signin B Microsoft Office 36... »

: 38 USC University of .
UCSanD 1880 \[TY Southern California Bf— I'kde)’

. UMIVERSITY OF CALIFORMIA

Partner

The Artenmis LEAPFROG Team opens its official Software Competition sign ups for May 2021!  Artemis LEAPFROG

is a national software- and flight-based student team challenge to stimulate students' understanding and training on
Lunar Landing vehicle technology and immnovation on the many challenges to open up the Lunar surface to greater
exploration. Supported by NASA's Artemis Student Challenges Office (https:/stem.nasa.gov/artemis). the Artemis
LEAPFROG team is comprised of students, faculty, and staff from the Califormia Space Grant Consortium (at the
University of California, San Diego, the Viterbi School of Engineering at the University of Southern California. and the

Snace Seiences T aharatory at the TTiveraitv of Califormia Rerkelew)

= CLD+Industry+Str...pdf  ~ ] Baseline Test..SLDPRT ~ ~ | cavity bowl octo.SLDPRT ~ ~ ] cavity spikes 2...SLDPRT ~ ~ Showall X

n ye) Type here to search

11:50 AM
A41/201
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ST g Whom to Contact B @

CONSORTIUM

- Fill out Survey on Website (leapfrog.isi.edu)
. Information E-mail: leapfrog@usc.edu

- Technical and Competition Contact:
 Prof David Barnhart, Barnhart@isi.edu

« Programmatic Contact:
 Prof John Kosmatka, jkosmatka@ucsd.edu

7R
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DETAILS FOR SOFTWARE
TOOLSETS




LEAPFROG Webinar 1: Simulation Overview
April 7, 2021

UNIVERSITY OF CALIFORNIA
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1. Software Challenge Overview
2. Vehicle Systems
3. Simulation Tools
4. Simulation Overview
5. Summary
‘ f 1leAPFROG Berkeley UCSanDiego USCViterbi  Webinar 1: Simulation Overview 2



Software Challenge Overview

1.) Create the controllers necessary to
. . , CRATER LANDING CHALLENGE
stabilize the vehicle in simulation '

— T B
2 . . . e e e
R ) D eve I O p n a V I ga tl O n Syste m S to || GOA avigate to the crater regign, assess the craters, choose a target crater, and
ke land the vehicle in the center of the target crater.

I
&
B L o et >

complete the Crater Landing

CRATER LEGEND

Challenge

a.) Optimize time ®

b.) Fuel usage

c.) Crater target score
C-> 5 Points

OVERVIEW: This challenge will test teams’ ability to navigate and control the LEAPFROG
vehicle as well as their ability to assess a lunar landscape.

2 '. E A p ; a a G Berkeley UCSan Diego USCViterbi ~ Webinar 1: Simulation Overview 3

UNIVERSITY OF CALIFORNIA e
School of Engineering
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Vehicle Systems

Thrusters (2.5N): Linear Actuators (900N):
t_p1/2: pitch thrusters LA _S: starboard actuator
t_r1/2 : roll thrusters LA P : port actuator

t_y1/2 : yaw thrusters Engine (300N)

trl t_r2

P ._ E A p '- a a G Berkeley UCSan Diego USCViterbi =~ Webinar 1: Simulation Overview 4

School of Engineering



Simulation Tools: PX4

What is PX4?

- Open source flight control software that is often used in drones and other
unmanned vehicles
- Has been extended to include support for LEAPFROG system.

Sensors Position & Attitude

Estimator

y

Navigator Position Controller Attitude & Rate Mixer Actuator
Controller

2 ._ E A p ? a a G Berkeley UCSan Diego USCViterbi  Webinar 1: Simulation Overview 5
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Simulation Tools: Software in the loop (SITL)

What is a SITL?

- Flight stack runs on computerin a
way that simulates dynamics and
controls of real vehicle

- Consists of variant of PX4 that is
integrated with simulation
environments

RUG Berkeley UCSanDiego USCViterbi Webinar 1: Simulation Overview

vvvvvvvvvvvvvvvvvvvv
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N
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School of Engineering
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Simulation Tools: MAVLink

What is MAVLink?

- Lightweight communication protocol used for air vehicles
- Provides set of standardized messages for telemetry, vehicle status, and
commands

- We have extended the standard messages with custom messages to aid in tuning of
controllers

- Implemented in C, C++, Python, and more
- Provides standard way to generate bindings for any language

Y MAVLINK

MICRO AIR VEHICLE COMMUNICATION PROTOCOL

f .. E A p ; a a G Berkeley UCSan Diego USCViterbi Webinar 1: Simulation Overview 7
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Simulation Tools: Gazebo

What is Gazebo?

- Simulation environment with robust
physics engines with versatility and
support for developing plugins

- Create custom worlds

- Competition environment and scoring
added

2 GAZEBO

AP

.-
N
nll
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R aG Berkeley UCSanDiego USCViterbi = Webinar 1: Simulation Overview

School of Engineering
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Simulation Tools: Visualization tools

QGroundControl PIotJuggIer

File Widgets wb1 x| + $lLE®RE @
o0 B 100% Hold Disarmed |  Fly Toolbar Lok & %
MQTT Subscriber |
start | Il Buffer:| 100 <
100f 10 ®) values il
~ turtlel
R angutar_vetocity
M(ROEI)O(m) ' 1.:::;_\/}106“
Ground Speed (m/s) i - [url!eyZ ‘1
0.0 7 angutar velosity
Flight Time -linear_velocity
00:00:00 [ate
x y
X
Start Mission 9
Takeoff from ground and start the current 1
mission.
| Custom Series: |+ ||/ 'j» —
‘ Slide to confirm }
| 0.000 (o T I — _ D) Speed: 1.0 — Stepsize: 000 —
https: //docs ggrou ndcontrol com/master/en/FIvV|eW/FIvV|ew html https://github.com/facontidavide/Plotuggler

UNIVERSITY OF CALIFORNIA

2 '. E A p ; a a G Berkeley UCSan Diego USCViterbi  Webinar 1: Simulation Overview 9
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https://docs.qgroundcontrol.com/master/en/FlyView/FlyView.html
https://github.com/facontidavide/PlotJuggler

Simulation Tools: ROS/MAVROS

: 5 o000
What is ROS: s ROS
® Robot Operating System (ROS) is framework for (X X )

writing and using robotics software

e Contains collection of tools, libraries and networks
that simplify creation of complex robots on custom
platforms

e Utilizes Pub-Sub system for easy communication
across any ROS compatible nodes

What is MAVROS?

e MAVLink extendable communication node for ROS
that easily connects directly to PX4 and connects the
communication system that PX4 uses to that of ROS

2 '. E A p ? a a G Berkeley UCSanDiego USCViterbi =~ Webinar 1: Simulation Overview 10
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Simulation Overview: How does it actually work?

)

School of Engineeri

ing

( PX4 on SITL Y\  MAVLink
1 ) PX4 on SITL mOde G Communication APIl/Offboard )
2.) Simulator (Gazebo) Al pors
(o Yo o255
3) QG roundControl e .E port 14580
4 ' ) Offboa rd CO nt ro I S E @GroundControIT Joystick/
. Other GCS Gamepad
E port 14550
T »U‘ ------- U
port 18570 L )
(" Simulator )
TCP 4560
e
N\ ) random port
https://docs.px4.io/master/en/simulation/#sitl-simulation-envir
onment
- e . . . . . .
2 | '. c A p R a G Berkeley UCSanDiego USCViterbi  Webinar 1: Simulation Overview 11


https://docs.px4.io/master/en/simulation/#sitl-simulation-environment
https://docs.px4.io/master/en/simulation/#sitl-simulation-environment

Simulation Overview: How does it actually work?

1.) PX4 on SITL mode

a.) Disconnects main controllers and
hardware tests and substitutes with
SITL version

b.) Interacts with all external applications

using MAVLink
.) Simulator (Gazebo)
QGroundControl
.) Offboard Controls

(6 PX4 on SITL

mavlink_main.cpp |-+
1

simulator_mavlink.cpp <=+
o

~

)

\

MAVLink
Communication

ports

14540 - 14549

port 14580

port 14550

port 18570

TCP 4560

random port

APIl/Offboard

U

@GroundControlT
Other GCS

Joystick/
Gamepad

Simulator

U

https://docs.px4.io/master/en/simulation/#sitl-simulation-envir

onment

APFROG

.-
N
Rl

ssssssssssssssssssss

Berkeley UCSanDiego USCViterbi

School of Engineering

Webinar 1: Simulation Overview
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https://docs.px4.io/master/en/simulation/#sitl-simulation-environment
https://docs.px4.io/master/en/simulation/#sitl-simulation-environment

Simulation Overview: How does it actually work?

1.) PX4 on SITL mode
2.) Simulator (Gazebo)
a.) Contains custom plugins for
necessary controllers (ACS and TVC)
b.) Sensor plugins (IMU, groundtruth,
magnetometer, etc.)
3.) QGroundControl
4.) Offboard Control

(6 PX4 on SITL

mavlink_main.cpp |-+
1

simulator_mavlink.cpp <=+
o

~

)

\

MAVLink
iaati " APIOffboard
Communication APIl/Offboard
ports
14540 - 14549 U
port 14580
@GroundControlT Joystick/
Other GCS Gamepad
port 14550
-------------- =l
port 18570 \ J)
Simulator
TCP 4560
Jrandom port D

https://docs.px4.io/master/en/simulation/#sitl-simulation-envir

onment

APFROG

.-
N
Rl

ssssssssssssssssssss

School of Engin

Berkeley UCSanDiego USCViterbi

eering

Webinar 1: Simulation Overview
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https://docs.px4.io/master/en/simulation/#sitl-simulation-environment
https://docs.px4.io/master/en/simulation/#sitl-simulation-environment

Simulation Overview: How does it actually work?

1.) PX4 on SITL mode
2.) Simulator (Gazebo)
3.) QGroundControl

a.) Connects to PX4 via MAVLink to
provide GUI for control of vehicle

4.) Offboard Control

(6 PX4 on SITL

mavlink_main.cpp |-+
1

simulator_mavlink.cpp <=+
o

)

~

\

https://docs.px4.io/master/en/simulation/#sitl-simulation-envir

MAVLink
iaati (" APNOfboard )
Communication APIl/Offboard
ports
14540 - 14549 U
port 14580
@GroundControlT
Other GCS
port 14550
-------------- [ Jeeeee{
port 18570 \ J)
Simulator
TCP 4560
Jrandom port D

onment

)

APFROG

.-
N
Rl

School of Engineering

Berkeley UCSanDiego USCViterbi
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https://docs.px4.io/master/en/simulation/#sitl-simulation-environment
https://docs.px4.io/master/en/simulation/#sitl-simulation-environment

Simulation Overview: How does it actually work?

(E PX4 on SITL Y  MAVLink
1 ) PX4 on SITL mOde ons Communiltr:]ation APl/Offboard )
2.) Simulator (Gazebo) A vors
2 ; 14540 - 14549
3.) QGroundControl ‘}' [ U
4) Offboard COntr0| i @GroundControlT Joystick/
a.) MAVLink communication allows for ; Other GCS Gamepad
ey eqe . port 14550
easy extensibility and control of o e -D( ------- Q
vehicle P
. Simulator
b.) Recommended way of creating
custom offboard system is to use 4__ ____;____T_°_‘ff56°,[]
\__))random port
ROS/MAVROS ~ ~ ' —
https://docs.px4.io/master/en/simulation/#sitl-simulation-envir
onment
2 '_E A p?a aG Be]jke]ey ucC SanDiego USCViterbi  Webinar 1: Simulation Overview 15
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https://docs.px4.io/master/en/simulation/#sitl-simulation-environment
https://docs.px4.io/master/en/simulation/#sitl-simulation-environment

Summary

Today, we...

® Broke down LEAPFROG vehicle’s
layout and systems

e Went over PX4, SITL, MAVLink,
Gazebo, ROS/MAVROS,
QGroundControl, and PlotJuggler

e Identified major components and
links pertaining simulation

8 :::ROS
sl 000

Y MAVLINK

MICRO AIR VEHICLE COMMUNICATION PROTOCOL

S5 GAZEBO

‘ﬁQ PlotJuggler

AP

.-
N
Rl
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School of Engineering

Webinar 1: Simulation Overview

16



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Hardware Configuration: Top Shelf
	Hardware Configuration: Middle Shelf
	Hardware Configuration: Bottom Shelf
	Slide Number 27
	Slide Number 28
	Slide Number 29



